Mycology, 2014 

Vol. 5, No. 2, 64-72, http://dx.doi.org/10.1080/21501203.2014.917733 



Taylor &. Francis 

t J Taylor & Francis Croup 



Nutritional composition of two wild mushrooms consumed by the tribals of the Western 
Ghats of India 

Naga M. Sudheep" and Kandikere R. Sridhar b * 

"Department of Plant Science, School of Biological Sciences, Central University of Kerala, Riverside Campus, Padnekkad Nileswaram 
671 328, Kerala, India; h Department of Biosciences, Mangalore University, Mangalagangotri, Mangalore 574 1 99, Karnataka, India 

(Received 18 August 2013; final version received 1 April 2014) 

This study provides the nutritional qualities of two wild mushrooms (Agaricus abruptibulbus and Termitomyces globulus) 
commonly consumed by the tribals of Kaiga forests of the Western Ghats of India. Both mushrooms composed of high 
quantity of crude protein, crude fibre, calorific value and low quantity of crude lipid. Potassium and selenium contents were 
high, while sodium, calcium and phosphorus contents were low. Except for three essential amino acids (EAAs: leucine, 
tyrosine and lysine), the rest of the amino acids in both mushrooms were comparable to soybean and wheat. Based on the 
EAA standards of FAO-WHO, these mushrooms composed of high quantity of threonine, isoleucine and histidine. The 
EAA score of isoleucine in cooked A. abruptibulbus and threonine, isoleucine, phenylalanine, histidine and sulphur amino 
acids in cooked T. globulus were substantially high. Oleic acid constitutes a major unsaturated fatty acid in these mush- 
rooms, which was significantly increased in cooked A abruptibulbus. Cooking also increased the ratio of TUFA/TSFA in A. 
abruptibulbus, while it was opposite in T. globulus. Cooking significantly increased the linoleic acid in A. abruptibulbus 
and eicosadienoic acid in T. globulus. 

Keywords: edible mushrooms; Agaricus abruptibulbus; Termitomyces globulus; Western Ghat forests; nutritional 
composition; tribals 



1. Introduction 

Macrofungi are the centre of attraction as food, medicine 
and cosmetics throughout the world (Halpern and Miller 
2002; Boa 2004; Oboh and Shodehinde 2009; Hyde et al. 
2010). Utilization of macrofungi as nutritional source (e.g. 
mushrooms, puffballs and morels) against plant and animal 
products is one of the viable avenues to fulfil the protein- 
energy demand (Boa 2004). According to a rough estimate, 
although over 2000 species of mushrooms occur world- 
wide, only 25 species have been widely accepted as food 
and a few species are successfully cultivated commercially 
(Lindequist et al. 2005). The proteins, essential amino acids 
(EAAs), fibre, minerals, fatty acids, vitamins and flavours 
of edible mushrooms are favourable for human nutrition 
and health (Sadler 2003; Oboh and Shodehinde 2009). 
Nutritional constituents of mushrooms are dependent on 
several factors like mushroom species, geographical region, 
substrate, stage of harvest and part of mushroom (Diez and 
Alvarez 2001; Sanmee et al. 2003; Barros et al. 2007b; 
Oboh and Shodehinde 2009). Although several surveys 
have been conducted on the diversity of mushrooms of 
the Western Ghats, very little is known on their nutritional 
status (e.g. Manoharachary et al. 2005; Swapna et al. 2008; 
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Bhosle et al. 2010). The current study examines nutritional 
qualities of two wild mushrooms (Agaricus abruptibulbus 
and Termitomyces globulus) which are consumed by the 
tribals in Kaiga forests of the Western Ghats of India. 

2. Materials and methods 

2.1. Mushrooms and processing 

A. abruptibulbus Peck and T. globulus R. Heim & Gooss.- 
Font. were collected from the Kaiga forests adjacent to the 
Kali River of the Western Ghats of India (14°50'-14°5 1' N, 
74°24'-74°27' E) during July-August 2010. A. abruptibul- 
bus was gregarious on soil consisting of decomposing leaf 
litter underneath the bamboo culms, while T. globulus was 
common in and around the termite mounds. The 
mushrooms were identified based on their morphological 
features (Zoheri 1972; Purkayastha and Chandra 1985; 
Pegler and Vanhaecke 1994; Jordan 1995; Alexopolous 
et al. 1996; Phillips 2006; Mohanan 2011) and following 
herbarium specimens of the Department of Botany, Goa 
University, Goa, India. 

Fresh weight of randomly sampled individual mush- 
rooms (n = 25) was determined after blotting followed by 
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oven drying (80°C) (Scientronic SBIM-25, New Delhi, 
India) to determine the moisture content gravimetrically. 
For nutritional analysis (proximal features, protein quali- 
ties and fatty acids), fresh blotted mushroom samples 
(n = 5) were grouped into two portions. The first portion 
of each replicate was oven dried (50-55°C) and the sec- 
ond portion was cooked in a household pressure cooker 
with distilled water (1:3 v/v) (6.5 L, Deluxe stainless steel, 
TTK Prestige™, Prestige Ltd., Hyderabad, India) followed 
by oven drying (50-55°C). The moisture content of 
uncooked and cooked flours was determined on oven 
drying (80°C, 24 hr). Dried uncooked and cooked mush- 
rooms were milled (Wiley Mill, mesh #30), and the flours 
were refrigerated (4°C) in airtight containers for analysis. 



2.2. Proximate and mineral analysis 
The crude protein (N x 6.25) of the mushroom flours was 
estimated by micro-Kjeldahl method (Humphries 1956). 
The total lipid content was determined gravimetrically by 
extraction in petroleum ether using Soxhlet extractor 
(AO AC 1990). The crude fibre and ash contents were 
also gravimetrically determined (AOAC 1990). The 
carbohydrates were calculated according to Miiller and 
Tobin (1980). The gross energy was determined based on 
Eknayake et al. (1999), while the total phenolics was 
determined using tannic acid standard (Rosset et al. 
1982). 

The mineral content (sodium, potassium, calcium, 
iron, copper, zinc, chromium, selenium, lead and nickel) 
was determined using atomic absorption spectrophotome- 
try (GBC 932, Hampshire, IL, USA) (AOAC 1990). The 
vanadomolybdophosphoric acid method was employed to 
determine the total phosphorus using KH 2 P0 4 as standard 
(AOAC 1990), and the ratios of Na/K and Ca/P were 
calculated. 



2.3. Protein fractions, amino acids and protein 
digestibility 

The mushroom flours were extracted twice with ice-cold 
trichloroacetic acid (TCA) to precipitate protein 
(Sadasivam and Manickam 1992), and the nitrogen in 
pooled supernatant was estimated by micro-Kjeldahl 
method (Humphries 1956) to determine the crude protein 
(N x 6.25). The total protein of mushroom flours was 
extracted according to Basha et al. (1976) and the preci- 
pitated protein in TCA was estimated based on Lowry 
et al. (1951). The ethanol treatment was omitted to save 
the prolamin fraction, albumin and globulin fractions were 
separated (Murray 1979), the supernatant containing glu- 
telin was dissolved in alkali and protein fractions were 
precipitated in TCA and re-dissolved in NaOH to deter- 
mine the protein content (Lowry et al. 1951). 



The amino acids in mushroom flours were assessed by 
gas chromatography-combustion-isotope ratio mass spec- 
trometry (Hewlett Packard 58,590 Series II gas chromato- 
graph, Bremen, Germany) following the methods outlined 
by Hofmann et al. (1997, 2003) and Brand et al. (1994). 
The EAA/total amino acid (TAA) ratio was calculated. 

The in vitro protein digestibility (IVPD) was deter- 
mined according to Akeson and Stahmann (1964) using 
pepsin (Sigma, 3165 units mg" 1 protein), trypsin (Sigma, 
16,100 units mg -1 protein) and a-chymotrypsin (Sigma, 
76 units mg~ protein), and the EAA score was calculated. 



2.4. Fatty acid analysis 

The fatty acid methyl esters (FAMEs) of total lipids were 
prepared according to Pauda-Resurreccion and Banzon 
(1979). The gas chromatograph (GC-2010, Shimadzu, 
Japan) with auto injector (AOI), capillary column (BPX- 
70), analytical conditions of autosampler, injection port set- 
tings, column oven settings and column information used for 
analysis of FAMEs were according to Nareshkumar (2007). 
The quantification of the FAMEs was performed using stan- 
dard mixture (C4-C24) (Sigma-Aldrich, St. Louis, MO, 
USA) processed under similar conditions of samples. The 
concentration and area of each peak of FAME was computed 
using the GC post-run analysis software (Shimadzu, Japan). 

2.5. Data analysis 

The differences in proximate composition, minerals, pro- 
tein fractions, amino acids, IVPD and FAMEs between the 
uncooked and cooked samples of mushrooms were 
assessed by Mest (Statistica version 8: StatSoft Inc. 2008). 

3. Results and discussion 

3.1. Proximate and mineral profiles 

A. abruptibulbus and T. globulus possess desired traits like 
large size and biomass to consider as potential source of 
food. The moisture content of fresh mushrooms was 
higher in A. abruptibulbus (93.3 ± 0.24%, range 93.0- 
93.5%; n = 25) compared to T. globulus (91.8 ± 0.26%, 
range 91.5-91.9%; n = 25) and comparable to other spe- 
cies of agarics and termitomycetes (Kurtzman 1997; 
Gbolagade et al. 2006). As the high moisture content 
promotes microbial and enzyme activity, these mushrooms 
need precaution to prevent deterioration by freezing or 
drying immediately on sampling. 

The moisture content of uncooked and cooked flours 
of mushrooms ranged between 4.2% and 7.6%. Although 
cooking significantly decreased the crude protein (20.3- 
23.8 vs. 18.3-19.5%) (Table 1), its content in cooked 
samples is comparable to edible legume seeds like green 
gram (Phaseolus aureus), pigeon pea (Cajanus cajan), 
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Table 1. Proximate composition of uncooked and cooked mushrooms on dry weight basis (n = 5; mean ± SD). 





Agaricus abruptibulbus 


Termitomyces globulus 




Uncooked 


Cooked 


Uncooked 


Cooked 


Crude protein (g 100 g ') 
Crude lipid (g 100 g~ ! ) 
Crude fibre (g 100 g _1 ) 
Ash (g 100 g- 1 ) 
Carbohydrates (g 100 g ') 
Calorific value (kj 100 g _1 ) 
Total phenolics (g 100 g _1 ) 


20.30 ± 0.94" 
1.85 ± 0.80" 
8.85 ± 0.21" 

19.70 ± 2.70" 

49.31 ± 3.63" 
1433 ± 50.15" 
2.29 ± 0.06 a 


18.28 ± 0.71 b * 
2.50 ± 0.10 a 
9.52 ± 0.08 b ** 
10.17 ± 1.04 b * 
59.53 ± 1.52 b * 
1593 ± 14.96 b * 
1.68 ± 0.03 b * 


23.83 ± 0.92" 
4.32 ± 0.46" 
9.66 ± 0.30 a 
17.70 ± 1.40" 
45.22 ± 2.85" 
1559 ± 6.71 a 
2.98 ± 0.11" 


19.54 ± 0.85 b ** 
3.24 ± 0.43 b * 
10.25 ± 0.28 a 
13.50 ± 2.02" 
45.28 ± 3.13 a 
1413 ± 36.34 b * 
1.50 ± 0.04 b ** 



Note: Figures across the columns with different alphabets between uncooked and cooked mushrooms are significantly different (Mest: *p < 0.05, 
**p<0.0\). 



chickpea (Cicer arietinum) and cowpea {Vigna radiata and 
V. unguiculata) (Khan et al. 1979; Jambunathan and Singh 
1980; Nwokolo and Oji 1985; Nwokolo 1987). The protein 
content of T. globulus is lower (23.8 vs. 33.8%), while the 
crude fibre (9.7 vs. 3.7%), crude lipid (4.3 vs. 0.1%) and 
ash (17.7 vs. 13.9%) contents are higher than the 
Termitomyces robustus (Aletor and Aladetimi 1995). 
There was no significant increase in crude lipid between 
uncooked and cooked A. abruptibulbus, while it was 
significantly decreased in T. globulus (p < 0.05). The 
crude lipid content of the mushrooms is comparable with 
other edible mushrooms of India (1.9—4.3 vs. 0.6—4.7%) 
(Kavishree et al. 2008). The crude fibre (p < 0.01) was 
significantly increased in A. abruptibulbus, while its 
increase was not significant in T. globulus. Crude protein, 
crude lipid, crude fibre and ash contents of A. abruptibul- 
bus are higher than other agarics (Kurtzman 1997). Based 
on the detailed analysis of edible mushrooms, Cheung 
(1997) opined that high quantity and unique composition 
of fibre have considerable importance in human nutrition 
and health. Even though low fibre diets are nutritionally 
appreciable in improving the digestibility by trapping less 
proteins and carbohydrates (Balogun and Fetuga 1986), the 
high fibre in diet has several health benefits as it lowers 
the blood cholesterol and reduces the risks associated with 
the large bowel cancer (Anderson et al. 1995; Slavin et al. 
1997). Carbohydrates (p < 0.05) were significantly 
increased in A. abruptibulbus, while their increase was 
not significant in T. globules. The carbohydrates and calori- 
fic value of A. abruptibulbus and T. globulus were higher 
than many wild edible mushrooms (Colak et al. 2009). The 
high quantity of carbohydrates in the mushrooms studied is 
helpful to combat the intestinal cancer as well as inducing 
low glycaemic index to prevent the type II diabetes (Venn 
and Mann 2004). The total phenolics were significantly 
decreased on cooking in both mushrooms. 

Among the 10 minerals assessed in mushrooms, 
toxic metals like lead and nickel were below detectable 
level (Table 2). Unlike calcium, iron, copper and 
phosphorus contents, contents of sodium, potassium, 



chromium and selenium were significantly drained in 
cooked A. abruptibulbus, while the zinc content was 
not altered significantly. In T. globules, except for 
calcium, zinc, selenium and chromium contents, rest of 
the minerals showed similar trend like A. abruptibulbus. 
Among the minerals, mushrooms are known to possess 
high quantity of potassium (Dursun et al. 2006). In our 
study, both mushrooms possess high potassium and sele- 
nium contents, while sodium, calcium and phosphorus 
contents were low. Most of the minerals were consider- 
ably drained on cooking resulted in decreased ash 
content (Table 1). Sodium, potassium, calcium, iron 
and phosphorus contents of A. abruptibulbus were 
lower compared to other agarics (Kurtzman 1997), 
while sodium, potassium, calcium, iron, copper and 
zinc contents of T. globulus were higher than other 
termitomycetes (Gbolagade et al. 2006). Sodium, cal- 
cium and selenium contents of mushrooms were higher, 
while potassium (uncooked), iron, copper and zinc con- 
tents were lower than Agaricus bisporus and Pleurotus 
sajor-caju (Surinrut et al. 1987). Sodium and potassium 
contents were comparable, while calcium, iron, copper, 
zinc and phosphorus contents were below the dietary 
allowance for adults as recommended by NRC-NAS 
(1989). Increased selenium content in the mushrooms is 
in agreement with previous studies by Borovicka and 
Randa (2007). Increase in Na/K ratio was seen in cooked 
mushrooms, but the Ca/P ratio was increased in cooked 
A. abruptibulbus and decreased in T. globulus. The ratios 
of Na/K (0.03-0.07) and Ca/P (348-4026) of uncooked 
as well as cooked mushrooms were appreciable as foods 
with Na/K ratio <1 were known to control high blood 
pressure (Yusuf et al. 2007) and Ca/P ratio >1 prevents 
the loss of calcium in urine and restores calcium in 
bones (Shills and Young 1988). However, as caesium 
has been reported from the Kaiga environs (Karunakara 
et al. 2013), it is necessary to study the possibilities of 
accumulation of heavy metals as well as radioactive 
elements in the edible mushrooms and their potential 
risks on tribal health. 
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5.2. Protein qualities 

The total protein was significantly decreased in cooked 
A abruptibulbus (p < 0.05) as well as in Z globulus 
(p < 0.01) (Table 3). The albumin constitutes a major 
protein fraction followed by globulin in uncooked as 
well as in cooked mushrooms. These fractions were not 
significantly decreased in cooked mushrooms, so also the 
prolamin fraction as seen in leguminous seeds. As albu- 
min consists of sulphur-amino acids including other EAAs 
(Baudoin and Maquet 1999), it has reflected in the pre- 
sence of cystine, methionine and other EAA except for 
leucine and lysine in uncooked as well as in cooked 
mushrooms. There was no significant decrease of glutelin 
fraction in cooked A. abruptibulbus (p > 0.05), while 
cooking significantly decreased glutelin in T. globulus 
(p < 0.05). The non-protein nitrogen was also not signifi- 
cantly decreased in cooking mushrooms (p > 0.05). 

Glutamic acid was the highest among the amino acids 
in uncooked as well as in cooked mushrooms (Table 4) 
and leucine, tyrosine and lysine were not detectable. 
Fourteen amino acids of uncooked A. abruptibulbus 
were significantly decreased on cooking, while only six 
amino acids (glutamic acid, serine, alanine, valine, isoleu- 
cine and tryptophan) were significantly decreased in 
T. globulus. No significant change was seen in aspartic 
acid, while six amino acids (threonine, proline, glycine, 
cystine, methionine, phenylalanine and histidine) were 
increased in cooked T. globulus. As seen in the present 
study, there are some instances of fluctuation of amino 
acids in Agaricus bisporus (Surinrut et al. 1987). The 
Alanine content in the fresh, dried and canned A. bisporus 
was 42.9, 54.4 and 49 g kg~ protein, respectively. 
Similarly, in the fresh, dried and canned A. bisporus, 
phenylalanine content was 24.8, 24.9 and 37 g kg -1 pro- 
tein and the methionine content was 15.6, 16.7 and 
19.3 g kg -1 protein, respectively. Such increase in amino 
acids seems to be due to the impact of thermal treatment. 
Contents of glutamic acid, serine, threonine, proline, 
alanine, cystine and histidine were higher, while isoleu- 
cine, leucine, tyrosine, phenylalanine, tyrosine, lysine and 
arginine contents were lower and aspartic acid, glycine, 
valine and methionine contents were comparable to 
Agaricus bisporus and Pleurotus sajor-caju (Surinrut 
et al. 1987). With the exception of leucine, tyrosine, lysine 
and arginine, the quantity of rest of the amino acids is 
comparable to soybean (Bau et al. 1994) as well as to 
wheat (Pomeramz 1998). 

On comparison with FAO-WHO (1991) EAA refer- 
ence pattern for adults, both mushrooms possess higher 
quantity of threonine, isoleucine and histidine, but the rest 
of EAAs were lower or devoid of them in mushrooms, 
with a few exceptions. For instance, some EAAs were 
high in uncooked A. abruptibulbus (valine and 
cysteine + methionine) and uncooked (valine) or cooked 
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Table 3. True protein, protein fractions and non-protein nitrogen of uncooked and cooked mushrooms (g 100 g -1 dry mass) (n = 5; 
mean ± SD). 



Agaricus abruptibulbus 



Termitomyces globulus 





Uncooked 


Cooked 


Uncooked 


Cooked 


True protein 


19.18 ± 1.64" 


16.19 ± 2.66 b * 


21.75 ± 1.41 a 


17.17 ± 0.90 b ** 


Albumin 


7.76 ± 0.63 a 


6.82 ± 0.89 a 


9.83 ± 0.63 a 


8.17 ± 0.58 a 


Globulin 


5.96 ± 0.86 a 


4.09 ± 1.17 a 


5.54 ± 1.34 a 


5.26 ± 1.55 a 


Prolamin 


1.94 ± 0.24" 


1.56 ± 0.34" 


1.94 ± 0.24 a 


1.56 ± 0.34 a 


Glutelin 


3.47 ± 0.67 a 


3.70 ± 1.35 a 


4.43 ± 0.46 a 


2.14 ± 0.89 b * 


Non-protein nitrogen 


2.09 ± 0.83 a 


1.94 ± 0.34 a 


2.41 ± 0.23 a 


2.33 ± 0.59 a 



Note: Figures across the columns with different alphabets between uncooked and cooked mushrooms are significantly different (/-test: *p < 0.05, 
**p<0M). 



(cysteine + methionine and phenylalanine) T. globulus. 
Except for leucine and lysine, the EAA score of threonine, 
isoleucine and histidine was high in uncooked and cooked 
mushrooms. However, the EAA score of isoleucine in 
cooked A. abruptibulbus and threonine, cysteine + methio- 
nine, isoleucine, phenylalanine and histidine in cooked 
T. globulus was considerably high. The EAA/TAA ratio 
was higher in uncooked than in cooked A. abruptibulbus, 
while it was reverse in T. globulus. The ratio of EAA/TAA 
of both mushrooms was higher than that of A. bisporus 
and P. sajor-caju, while comparable to soybean (Bau et al. 
1994) and wheat (Pomeramz 1998). 

In addition to amino acids, in vivo protein digestibility 
or IVPD is a valuable index to ascertain the quality of 
proteins. Cooking significantly elevated the IVPD in 
mushrooms (Table 5), revealing elimination or inactiva- 
tion of antinutritional factors and improvement of nutri- 
tional qualities. The total phenolics of uncooked 
mushrooms was also decreased significantly on cooking. 
However, phenolics and tannins in small quantities in food 
stuffs will be beneficial due to their antioxidant properties 
(Hertog et al. 1997; Hagerman et al. 1998; Oboh and 
Shodehinde 2009). According to Barros et al. (2007b), 
phenolics and flavonoids of three wild edible mushrooms 
serve as antimicrobial agents against pathogenic bacteria 
(e.g. Bacillus cereus) and fungi {Candida albicans and 
Cryptococcus neoformans). It is interesting to note that 
the quantities of polyphenols varied depending on the part 
of mushroom, which was higher in pileus than in stipe (of 
Termitomyces robustus, Coprinus sp. and Volvariella escu- 
lenta), but the free radical scavenging activity was higher 
in stipe compared to pileus (Oboh and Shodehinde 2009). 
Similar observations were made by Barros et al. (2007b) 
on the polyphenols, flavonoids, ascorbic acid, /?-carotene 
and lycopene. 

The EAA score of threonine, isoleucine and histidine 
was high in uncooked as well as in cooked mushrooms. 
The EAA score of cysteine + methionine and tyrosine + phe- 
nylalanine of T. globulus showed increase in cooked sam- 
ples, but the score was decreased in rest of the EAAs. 



3.3. Fatty acid profile 

Among the saturated fatty acids, palmitic acid was the 
major fatty acid in uncooked mushrooms (Table 6). 
Unlike T. globulus (p < 0.05), the palmitic acid 
decreased drastically in cooked A. abruptibulbus 
(p < 0.01). Oleic acid was the major fatty acid among 
the unsaturated fatty acids in uncooked mushrooms. 
Oleic acid increased significantly in cooked A. abrupti- 
bulbus (p < 0.01), while it was significantly decreased in 
cooked T. globulus (p < 0.01). Predominance of oleic 
and palmitic acids in mushrooms studied is in agreement 
with the reports on other mushrooms in India (Longvah 
and Deosthale 1998; Kavishree et al. 2008) as well as in 
Northeast Portugal (Barros et al. 2007a). Interestingly, 
two essential fatty acids like linoleic acid {A. abrupti- 
bulbus) (p < 0.05) and eicosadienoic acid (T. globulus) 
(p < 0.01) of mushrooms showed significant increase on 
cooking. The total saturated fatty acids (TSFAs) 
decreased (p < 0.01) in cooked A. abruptibulbus, while 
it was reverse in T. globulus (p < 0.01), and the content 
of total unsaturated fatty acids (TUFAs) was opposite to 
TSFA. 



4. Conclusions 

This study demonstrated that cooked A. abruptibulbus 
and uncooked T. globulus were endowed with potential 
nutritional principles. Evaluation of nutritional compo- 
nent (proteins, fibre, carbohydrates, minerals, amino 
acids, unsaturated fatty acids and IVPD) and calorific 
value of mushrooms clearly demonstrated low fat and 
low calorie diets, which fall between legumes and meat 
(FAO-WHO 1989). As IVPD was higher in cooked 
mushrooms, uncooked/partially cooked/cooked mush- 
rooms could be utilized depending on the nutritional 
requirement of a specific product. Wide distribution of 
A. abruptibulbus especially in the soils underneath bam- 
boo culms and gregarious occurrence of T. globulus in 
and around the termite mounds of Kaiga forests show 
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Table 5. In vitro protein digestibility (IVPD) (n = 5; mean ± SD) and essential amino acid (EAA) score in uncooked and cooked 
mushrooms. 



Agaricus abruptibulbus Termitomyces globulus 





T InrnnVpn 

\J HV-.UtJivCU 


Cooked 


Uncooked 


V, AJUivCU 


IVPD (%) 


62.81 ± 8.62 a 


81.46 ±2.29 b * 47.91 ± 8. 15 a 


75.41 ± 7.63 b ** 


EAA score (%) 










Threonine 


173.8 


127.3 


184.0 


307.1 


Valine 


119.4 


88.6 


151.7 


35.3 


Cystine + methionine 


181.6 


28.7 


61.1 


392.8 


Isoleucine 


337.9 


280.7 


388.2 


283.6 


Leucine 


ND 


ND 


ND 


ND 


Tyrosine + phenylalanine 


30.4 


14.1 


45.0 


76.6 


Tryptophan 


35.9 


29.4 


33.8 


28.5 


Lysine 


ND 


ND 


ND 


ND 


Histidine 


434.7 


311.6 


182.1 


610.2 


Notes: Figures across the columns with different alphabets between uncooked and cooked mushrooms 


are significantly different (f-test: *p < 0.05, 


p <- U.U1 ). 










ND Not detectable 










Table 6. Fatty acid methyl esters (g kj 


; 1 dry mass) of uncooked and cooked mushrooms (n 


= 5, mean ± SD). 






Agaricus 


abruptibulbus 


Termitomyces globulus 




Uncooked 


Cooked 


Uncooked 


Cooked 


Saturated fatty acids 










Laurie acid (C12:0) 


1.50 ± 0.46 




0.06 ±0.01 




Myristic acid (C14:0) 


0.73 ± 0.22 




0.06 ± 0.01 a 


0.13 ± 0.02 b ** 


Palmitic acid (C16:0) 


7.02 ± 2.14 a 


1.98 ± 0.07 b ** 


10.58 ± 1.13 s 


8.88 ± 1.21 b * 


Heptadecanoic acid (C17:0) 






0.08 ± 0.02 




Stearic acid (CI 8:0) 


2.20 ± 0.67 






12.28 ± 1.66 


Arachidic acid (C20:0) 




0.15 ± 0.01 




0.61 ± 0.08 


Behenic acid (C22:0) 


0.92 ± 0.28" 


0.05 ± 0.002 b * 


0.09±0.01 a 


0.21 ± 0.03 b ** 


Tricosanoic acid (C23:0) 






0.04 ± 0.004 




Unsaturated fatty acids 










Palmitoleic acid (CI 6:1) 


1.35 ± 0.4T 


0.05 ± 0.002 b * 


0.11 ± 0.01 a 


0.32 ± 0.04 b ** 


Oleic acid (CI 8:1) 


1.40 ± 0.42 a 


3.06 ± 0.94 b ** 


16.95 ± 1.82 a 


7.50 ± 1.01 b ** 


Linoleic acid (CI 8:2) 


0.71 ± 0.22" 


0.87 ± 0.03 b * 






Elaidic acid (CI 8:1) 






11.42 ± 1.22 




Eicosenoic acid (C20:l) 






0.48 ± 0.03 




Eicosadienoic acid (C20:2) 






0.16 ± 0.02 a 


0.31 ± 0.04 b ** 


Nervonic acid (C24:l) 




0.06 ± 0.002 


0.06 ± 0.01 a 


0.12 ± 0.02 b * 


Total saturated fatty acids (TSFAs) 


12.38 ± 3.77 a 


2.18 ± 0.08 b ** 


10.91 ± 1.17 a 


21.06 ± 3.01 b ** 


Total unsaturated fatty acids (TUFAs) 


3.46 ± 1.04 a 


4.04 ± 0.03 b * 


29.17 ± 3.19 a 


8.25 ± 1.10 b ** 


TUFA/TSFA ratio 


0.28 


1.85 


2.67 


0.39 



Note: Figures across the columns with different alphabets between uncooked and cooked mushrooms are significantly different (/-test: *p < 0.05, 
**p < 0.01). 



prevalence of suitable ecological and edaphic factors 
(e.g. soil qualities, soil moisture, leaf litter qualities and 
organic matter) for their perpetuation. As a variety of 
medicinally valued compounds have been isolated from 
the wild and cultivated mushrooms of the Asian origin, 
A. abruptibulbus and T. globulus of the Western Ghats 
may serve as potential sources of nutraceuticals. Further 
attempts are necessary for commercial cultivation and 
evaluation of bioactive potential of different parts of 
these mushrooms. 



Acknowledgements 

Authors are grateful to Mangalore University for permission to 
carry out this study in the Department of Biosciences and 
Nuclear Power Corporation of India Ltd. (NPCIL), Mumbai, 
for financial support. One of us (NMS) is indebted to the 
NPCIL for the award of a research fellowship. Authors are 
thankful to Dr H.M. Somashekarappa, University Science 
Instrumentation Centre, Mangalore University and Drs S.G. 
Ghadge, M. Kansal, P.M. Ravi, B.N. Dileep and S.K. Singh, 
NPCIL, Kaiga, Karnataka, for support. We thank Dr Nandkumar 
Kamat, Department of Botany, Goa, for access to herbarium 
specimen and confirmation of mushroom identification. 



Mycology 1 1 



References 

Akeson WR, Stahmann MA. 1964. A pepsin pancreatin digest 
index of protein quality. J Nutr. 83(3):257-261. 

Aletor VA, Aladetimi 00. 1995. Compositional studies on edible 
tropical species of mushrooms. Food Chem. 54(3):265-268. 
doi: 1 0. 1 0 1 6/0308-8 146(95)00044-J 

Alexopolous CJ, Minis CW, Blackwell M. 1996. Introductory 
mycology. 4th ed. New York (NY): Wiley. 

Anderson JW, Johnstone BM, Cook-Newell ME. 1995. Meta- 
analysis of the effects of soy protein intake on serum lipids. 
N Engl J Med. 333(5):276-282. doi:10.1056/ 
NEJM199508033330502 

[AO AC] Association of Official Analytical Chemists. 1990. 
Official methods of analysis. 15th ed. Arlington (TX): 
AOAC. 

Balogun AM, Fetuga BL. 1986. Chemical composition of some 
underexploited leguminous crop seeds in Nigeria. J Agric 
Food Chem. 34(2): 189-1 92. doi:10.1021/jf00068a008 

Barros L, Baptista P, Correia DM, Casal S, Oliveira B, Ferreira 
ICFR. 2007a. Fatty acid and sugar compositions, and nutri- 
tional value of five wild edible mushrooms from Northeast 
Portugal. Food Chem. 105(1): 140-145. doi: 1 0. 101 6/j. 
foodchem.2007.03.052 

Barros L, Calhelha RC, Vaz JA, Ferreira ICFR, Baptista P, 
Estevinho LM. 2007b. Antimicrobial activity and bioactive 
compounds of Portuguese wild edible mushrooms methano- 
lic extracts. Eur Food Res Technol. 225(2): 15 1-1 56. 
doi: 1 0. 1 007/s002 1 7-006-0394-x 

Basha SMM, Cherry JP, Young CT. 1976. Changes in free amino 
acid, carbohydrates and proteins of maturing seeds from 
various peanut (Arachis hypogaea L.) cultivars. Cereal 
Chem. 53(4):586-597. 

Bau HM, Villaume CF, Lin C, Evrard J, Quemener B, Nicolas J, 
Mejean L. 1994. Effect of solid-state fermentation using 
Rhizopus oligosporus sp. T-3 on elimination of antinutri- 
tional substances and modification of biochemical constitu- 
ents of defatted rapeseed meal. J Sci Food Agric. 65 
(3):315-322. doi:10.1002/jsfa.2740650309 

Baudoin JP, Maquet A. 1999. Improvement of protein and amino 
acid content in seeds of food legumes - a case study in 
Phaseolus. Biotechnol Agron Soc Environ. 3(4):220-224. 

Bhosle S, Ranadive K, Bapat G, Garad S, Deshpande G, Vaidya 
J. 2010. Taxonomy and diversity of Ganoderma from the 
western parts of Maharashtra (India). Mycosphere. 1 
(3):249-262. 

Boa E. 2004. Wild edible fungi a global overview of their use 

and importance to people. Rome (Italy): FAO. 
Borovicka J, Randa Z. 2007. Distribution of iron, cobalt, zinc 

and selenium in macrofungi. Mycol Prog. 6(4):249-259. 

doi: 1 0. 1 007/s 1 1 557-007-0544-y 
Brand WA, Tegtmeyer AR, Hilkert A. 1994. Compound-specific 

isotope analysis, extending towards 15N/14N and 13C/12C. 

Org Geochem. 21(6-7):585-594. doi:10.1016/0146-6380 

(94)90004-3 

Cheung PC-K. 1997. Dietary fibre content and composition of 
some edible fungi determined by two methods of analysis. J 
Sci Food Agric. 73(2):255-260. doi: 10.1 002/(SICI) 1097- 
0010(1 99702)73 :2<255: : AID-JSFA723>3 .0.CO;2-U 

Colak A, Fiaz 0, Fiaz Z, Sesli E. 2009. Nutritional composition of 
some wild edible mushrooms. Turk J Biochem. 34(1):25-31. 

Diez VA, Alvarez A. 2001. Compositional and nutritional studies 
on two wild edible mushrooms from North West Spain. Food 
Chem. 75(4):417-422. doi:10.1016/S0308-8146(01)00229-l 

Dursun N, Ozcan MM, Kasik G, Oztiirk C. 2006. Mineral con- 
tents of 34 species of edible mushrooms growing wild in 



Turkey. J Sci Food Agric. 86(7): 1087-1 094. doi: 10. 1002/ 
jsfa.2462 

Eknayake S, Jansz ER, Nair BM. 1999. Proximate composition, 
mineral and amino acid content of mature Canavalia gla- 
diata seeds. Food Chem. 66(1): 1 15-1 19. doi:10.1016/ 
S0308-8146(99)00041-2 

FAO-WHO. 1989. Protein quality evaluation: report of the joint 
FAO-WHO expert consultation. Rome (Italy): FAO and 
WHO. 

FAO-WHO. 1991. Protein quality evaluation. Reports of a joint 
FAO-WHO expert consultation. Rome (Italy): FAO. 

Gbolagade J, Ajayi A, Oku I, Wankasi D. 2006. Nutritive value 
of common wild edible mushrooms from Southern Nigeria. 
Global J Biotechnol Biochem. 1 (1): 1 6—2 1 . 

Hagerman AE, Riedl KM, Jones GA, Sovik KN, Ritchard NT, 
Hartzfeld PW, Riechel TL. 1998. High molecular weight 
plant polyphenolics (tannins) as biological antioxidants. J 
Agric Food Chem. 46(5):1887-1892. doi:10.1021/ 
jf970975b 

Halpern GM, Miller AH. 2002. Medicinal mushrooms. New 
York (NY): M Evans. 

Hertog MGL, Sweetnam PM, Fehily AM, Elwood PC, 
Kromhout D. 1997. Antioxidant flavonols and ischaemic 
heart disease in a welsh population of men - the Caerphilly 
study. Am J Clin Nutr. 65(5): 1489-1494. 

Hofmann D, Gehre M, Jung K. 2003. Sample preparation tech- 
niques for the determination of natural 15N/14N variations 
in amino acids by gas chromatography-combustion-isotope 
ratio mass spectrometry (GC-C-IRMS). Isot Environ Health 
Stud. 39(3):233-244. doi:10.1080/1025601031000147630 

Hofmann D, Jung K, Bender J, Gehre M, Schiiurmann G. 1997. 
Using natural isotope variations of nitrogen in plants as an 
early indicator of air pollution stress. J Mass Spectrom. 32 
(8):855-863 . doi: 1 0. 1 002/(SICI) 1 096-9888( 1 99708) 

32:8<855 : : AID-JMS544>3 .0.CO;2-J 

Humphries EC. 1956. Mineral composition and ash analysis. In: 
Peach K, Tracey MV, editors. Modern methods of plant 
analysis. Volume 1, Berlin (Germany): Springer, p. 468-502. 

Hyde KD, Bahkali AH, Moslem MA. 2010. Fungi - an unusual 
source for cosmetics. Fungal Divers. 43(1): 1—9. doi:10.1007/ 
S13225-010-0043-3 

Jambunathan R, Singh U. 1980. Studies on Desi and Kabuli 
chickpea (Cicer arietinum) cultivars. 1. Chemical composi- 
tion. In: Proceedings of the International Workshop on 
Chickpea Improvement; 1979 Feb 28-Mar 2; Hyderabad 
(India): International Crops Research Institute for Semi- 
Arid Tropics, p. 61-66. 

Jordan M. 1995. The biology of higher fungi: the encyclopedia 
of fungi of Britain and Europe. Newton Abbot (UK): David 
& Charles. 

Karunakara N, Ujwal P, Yashodhara I, Rao C, Kumara KS, 
Dileep BN, Ravi PM. 2013. Studies on soil to grass 
transfer factor (f v ) and grass to milk transfer coefficient 
(f m ) for cesium in Kaiga region. J Environ Radioact. 
124:101-112. 

Kavishree S, Hemavathy J, Lokesh BR, Shashirekha MN, 
Rajarathnam S. 2008. Fat and fatty acids of Indian edible 
mushrooms. Food Chem. 106(2):597-602. doi: 10. 1016/j. 
foodchem.2007.06.018 

Khan MA, Jacobsen I, Eggum BO. 1979. Nutritive value of 
some improved varieties of legumes. J Sci Food Agric. 30 
(4):395-400. doi:10.1002/jsfa.2740300409 

Kurtzman Jr RH. 1997. Nutrition from mushrooms, understand- 
ing and reconciling available data. Mycoscience. 38 
(2):247-253. doi: 10.1 007/BF02460860 



72 KM. Sudheep and K.R. Sridhar 



Lindequist U, Niedermeyer THJ, Jiilich W-D. 2005. The phar- 
macological potential of mushrooms. Evidence-Based 
Compl Alt Med. 2(3):285-299. doi:10.1093/ecam/nehl07 

Longvah T, Deosthale YG. 1998. Compositional and nutritional 
studies on edible wild mushroom from Northeast India. Food 
Chem. 63(3):33 1-334. doi:10.1016/S0308-8146(98)00026-0 

Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. 1951. Protein 
measurement with folin-phenol reagent. J Biol Chem. 193 
(l):265-275. 

Manoharachary C, Sridhar K, Singh R, Adholeya A, 
Suryanarayanan TS, Rawat S, Johri BN. 2005. Fungal bio- 
diversity; distribution, conservation and prospecting of fungi 
from India. Curr Sci. 89(1):58-71. 

Mohanan C. 2011. Macrofungi of Kerala, hand book # 27. 
Kerala (India): Kerala Forest Research Institute. 

Miiller HG, Tobin G. 1980. Nutrition and food processing. 
London (UK): Croom Helm. 

Murray DR. 1979. The seed proteins of Kowhai, Sophora micro- 
phylla AIT. Z Pflanzenphysiol. 93(5):423^28. doi:10.1016/ 
S0044-328X(79)80 176-2 

Nareshkumar S. 2007. Capillary gas chromatography method for 
fatty acid analysis of coconut oil. J Plant Crops. 35 
(l):23-27. 

NRC-NAS. 1989. Recommended dietary allowances. 

Washington (DC): National Academy Press. 
Nwokolo E. 1987. Nutritional evaluation of pigeon pea meal. 

Plant Foods Hum Nutr. 37(4):283-290. doi:10.1007/ 

BF0 1092203 

Nwokolo E, Oji UI. 1985. Variation in metabolizable energy 
content of raw or autoclaved white and brown varieties of 
three tropical grain legumes. Anim Feed Sci Technol. 13 
(1):141-146. doi:10.1016/0377-8401(85)90049-5 

Oboh G, Shodehinde SA. 2009. Distribution of nutrients, poly- 
phenols and antioxidant activities in the pilei and stipes of 
some commonly consumed edible mushrooms in Nigeria. 
Bull Chem Soc Ethiop. 23(3):391-398. doi:10.4314/bcse. 
v23i3.47663 

Pauda-Resurreccion AB, Banzon JA. 1979. Fatty acid composi- 
tion of the oil from progressively maturing bunches of coco- 
nut. Philip J Coconut Stud. 4(1):1— 15. 



Pegler DN, Vanhaecke M. 1994. Termitomyces of Southeast 
Asia. Kew Bull. 49(4):7 17-736. doi: 10.2307/4 11 8066 

Phillips R. 2006. Mushrooms. London (UK): Pan Macmillan. 

Pomeramz Y. 1998. Chemical composition of kernel structures. 
In: Pomeramz Y, editor. Wheat chemistry and technology. St. 
Paul (MN): American of Cereal Chemists, p. 97-158. 

Purkayastha RP, Chandra A. 1985. Manual of Indian edible 
mushrooms. New Delhi (India): Today and Tomorrow's. 

Rosset J, Barlocher F, Oertli JJ. 1982. Decomposition of conifer 
needles and deciduous leaves in two black forest and two 
Swiss Jura streams. Int J Rev Ges Hydrobiol. 67(5):695— 7 1 1 . 

Sadasivam S, Manickam A. 1992. Biochemical methods for 
agricultural sciences. New Delhi (India): Wiley Eastern. 

Sadler M. 2003. Nutritional properties of edible fungi. Nutr Bull. 
28(3):305-308. doi:10.1046/j.l467-3010.2003.00354.x 

Sanmee R, Dell B, Lumyong P, Izumori K, Lamyong S. 2003. 
Nutritive value of popular wild edible mushrooms from 
northern Thailand. Food Chem. 82(4):527-532. 
doi: 1 0. 1 0 1 6/S0308-8 1 46(02)00595-2 

Shills MEG, Young VR. 1988. Modern nutrition in health and 
disease. In: Neiman DC, Buthepodorth DE, Nieman CN, 
editors. Nutrition. Dubugue (IA): WmC Brown, p. 276-282. 

Slavin J, Jacobs DR, Marquart L. 1997. Whole-grain consump- 
tion and chronic disease: protective mechanisms. Nutr 
Cancer. 27(1):14-21. doi:10.1080/01635589709514495 

Surinrut P, Julshamn K, Njaa LR. 1987. Protein, amino acids and 
some major and trace elements in Thai and Norwegian 
mushrooms. Plant Foods Hum Nutr. 37(2): 117-125. 
doi: 10.1007/BF0 1092047 

Swapna S, Abrar S, Krishnappa M. 2008. Diversity of macrofungi 
in semi-evergreen and moist deciduous forest of Shimoga 
district-Karnataka, India. J Mycol Plant Pathol. 38(l):21-26. 

Venn BJ, Mann JI. 2004. Cereal grains, legumes and diabetes. 
Eur J Clin Nutr. 58(1 1): 1443-1461 . doi:10.1038/sj. 
ejcn. 160 1995 

Yusuf AA, Mofiol BM, Ahmed AB. 2007. Proximate and 
mineral composition of Tamarindus indica Linn. 1753 
seeds. Sci World J. 2(1): 1-4. 

Zoheri MH. 1972. Tropical macrofungi. London (UK): 
Macmillan Press. 



